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Abstract: 
Substitution of La by Sr in the 25% Ni doped charge transfer insulator LaFeO3 creates structural 
changes that inflect the electrical conductivity caused by small polaron hopping via exchange inter-
actions and charge transfer. The substitution forms electron holes and a structural crossover from 
orthorhombic to rhombohedral symmetry, and then to cubic symmetry. The structural crossover is 
accompanied by a crossover from Fe3+–O2-–Fe3+ superexchange interaction to Fe3+–O2-–Fe4+ double 
exchange interaction, as evidenced by a considerable increase of conductivity. These interactions 
and charge transfer mechanism depend on superexchange angle, which approaches 180° upon in-
creasing Sr concentration, leading an increased overlap between the O (2p) and Fe/Ni (3d) orbitals.  
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Introduction 
Anions in ionic compounds, such as oxygen in ABO3 perovskites, play a decisive role in the elec-
tronic transport properties of these materials. For example, the oxygen mediates electron hopping 
between its neighboring cations, here Fe and Fe, or Fe and Ni, by exchange interactions where the 
oxidation state and the spin state of the metal ions determine whether hopping across oxygen can 
take place or not [1, 2]. Particularly, substitution in mixed valence compounds containing magnetic 
metal ions shows how conductivity is heavily influenced by these exchange interactions and corre-
sponding magnetovolume effects, which goes along with changes in lattice spacing and crystallo-
graphic symmetry.  
Spin related exchange interaction, also referred to as superexchange, is the antiferromagnetic cou-
pling between two next-to-nearest neighbor positive ions through a non-magnetic anion, such as 
oxygen [2]. It strongly depends on the electronic and crystallographic structure such as electron oc-
cupancy, orbital configuration and geometry, respectively [3]. In the case of double exchange, the 
electrons move between positive ions having different d-shell occupancy via a non-magnetic anion 
[1]. 
The electronic conductivity of perovskites is generally explained in terms of small polarons which 
are thermally activated [4]. The electrons hop from one side to the other via B–O–B bridge which 
are mostly increased by overlap (strongly depends on the B–O distance and B–O–B superexchange 
angle [5]. A-site substitution in iron perovskites is well studied and relatively well understood. B-
site substitution is less well studied. At the molecular scale, the structure of the perovskite includes 
the valence state of the A-site and B-site cations, and the spin state of the B-site cations, and the ox-
ygen deficiency. 
LaFeO3 is a well known ABO3 perovskite with orthorhombic symmetry (a=5.5647 Å, b=7.8551 Å, 
and c=5.5560 Å) and an antiferromagnetic insulator with a Neel temperature TN=750 K [6]. When 
the trivalent La is substituted by the divalent Sr, which also has a larger ion radius than La, one 
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electron hole is created at the oxygen site, and the size difference constitutes a chemical pressure 
[7]. This effect decreases the rhombohedral lattice distortion. The end member of the substitution, 
SrFeO3, has cubic symmetry, which in turn increases overlap between O (2p) and Fe (3d) orbitals 
[8]. In response to the electron hole created, Fe oxidizes from Fe3+ towards Fe4+ with a parallel in-
crease in the conductivity.  
Recently, oxide perovskites such as members of LaFe1-yNiyO3-δ [9-12], and La1-xSrxFe1-yNiyO3-δ [13, 
14] have received much attention. Since they show high electronic conductivity and exhibit suffi-
cient stability at elevated temperatures, they are considered as good cathode materials for solid ox-
ide fuels cells. Such complex perovskites are members of strongly correlated electron system and 
also received much attention from the point of electronic structure. For example, Sarma et. al. [15], 
Kumar et. al. [16] worked on LaFe1-yNiyO3-δ; Abbate et. al. [17], Chainani et. al. [18] and Wadati et. 
al. [19] worked on La1-xSrxFeO3-δ. 
We have recently presented a detailed experimental soft x-ray absorption study on La1-
xSrxFe0.75Ni0.25O3-δ at Fe L edge supported by Ligand Field Multiplet Calculation [20] and at O K 
edge [21]. We showed two different mechanisms which affect electrical conductivity: d-type 
(Fe4+/(Fe4++Fe3+)) and p-type [eg(↑)/(t2g(↓) + eg(↓))] electron holes created on the Fe and O site, re-
spectively. One conclusion of this study was that p-type electron holes are mainly caused by charge 
transfer from O (2p) to Ni (3d) rather than Fe (3d) orbitals.    
In the present work we discuss the changes in the crystallographic structure upon Sr doping (i. e. 
symmetry, Fe/Ni–O distance, superexchange angle) which affect hopping process (Fe3+–O2-–
Fe3+/Fe4+) with either superexchange or double exchange and charge transfer process and conse-
quently electronic conductivity. An increase in Tolerance factor is paralleled to an increase in sym-
metry.  We also discuss the effect of the A-site Coulomb potential on the B-site which also plays an 
important role on the conductivity.    
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Experimental Section 
La1-xSrxFe0.75Ni0.25O3-δ (LSFN) with x=0.0, 0.25, 0.50, 0.75, 1.0 and LaFeO3 were prepared by con-
ventional solid state reaction. The precursors La2O3 (>99.99 %), SrCO3 (99.9 %), Fe2O3 (>99.0 %) 
and NiO (99.8 %) were mixed in stoichiometric proportions, calcined at 1200 °C for 4 h and then 
sintered at 1400 °C for 12 h with heating/cooling rate of 5 K/min. for LSFN. LaFeO3 was calcined 
at 1200 °C for (4h + 4h) with same heating/cooling rate. X-ray powder diffractograms (XRD) were 
collected with a Philips X’Pert PRO-MPD diffractometer at ambient temperature (40 kV, 40 mA, 
Cu-Kα λ=1.5405 Ǻ) in steps of 0.02° for 20° ≤ 2θ ≤ 80°.  Rietveld structure refinement was per-
formed with GSAS [22, 23].  
Near edge x-ray absorption fine structure (NEXAFS) spectra at 300 K were recorded at the Ad-
vanced Light Source in Berkeley, Beamline 9.3.2, the end station of which has an operating energy 
range of 200-1200 eV and an energy resolution of 1/10000. The vacuum chamber base pressure was 
lower than 5x10-10 Torr. Signal detection was made in total electron yield (TEY) mode. Powder 
samples were dispersed on conducting carbon tape and then mounted on a copper sample holder. 
Iron L-edge spectra were recorded from 690 to 750 eV, Oxygen K-edge spectra were recorded from 
520 to 560 eV in steps of 0.1 eV. 
For the conductivity measurements, the calcined powders were pressed into bars with dimensions of 
about 5 mm x 3 mm x 25 mm and sintered at 1400 °C for 12 h with heating/cooling rate of 5 K/min. 
Four Pt terminals were applied on the sintered bars using Pt paint (CL11-5100, W. C. Heraeus 
GmbH & Co. KG, Germany) and calcined with  heating/cooling rate of 5 K/min up to 1000 °C with 
45 min. dwell time at 1000 °C, and then cooled down to ambient temperature.  
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Results  
Crystallographic structure 
The evolution of the crystallographic structure, as reflected by the X-ray diffractograms in Figure 1 
shows that LSFN undergoes structural transformation upon substitution of La by Sr. The visually 
best match can be made for the end members with x=0 for orthorhombic and with x=1.0 for cubic 
symmetry. For the intermediate mixed members (x = 0.25, 0.50, 0.75), clear distinction between 
cubic and orthorhombic symmetry cannot be unambiguously made without deeper analysis of the 
diffraction data, which will follow in this section. 
 
Figure 1. X-ray diffractograms for La1-xSrxFe0.75Ni0.25O3-δ; x=0 orthorhombic (O); x=0.25, 0.50, 
0.75 rhombohedral (R); 1.0 cubic phase (C).The pure perovskite phase is indexed with all Bragg re-
flections as the cubic phase on top of the patterns.                                                                                           
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The Bragg reflections shift towards larger diffraction angles with increasing Sr substitution, reveal-
ing a general trend of decreasing unit cell volumes. For x=0, the (110) reflection is virtually a single 
peak, which however splits into a distinct double peak for x=0.25 in the rhombohedral phase. For 
x=0.50 and 0.75, the splitting gets diminished. The peak splitting decreases with increasing Sr con-
tent from 0.25 to 0.50. For x=0.50 the peak splitting in not so clear but still shows an asymmetric 
shape. For x=0.75 no clear peak splitting is observed but a small shoulder appears on the right side. 
The gradual decrease in the peak splitting can be considered as a second order phase transformation 
to higher crystal symmetry [24].  
It is known that the transport and magnetic properties of perovskites are sensitive to even minute 
structural imbalances such as tilting of the MO6 (M indicates transition metals) octahedra. In partic-
ular, parameters like bond length and bond angle determine orbital overlap and thus charge transfer 
and exchange interactions, with potential effect on the transport properties. In order to quantify such 
structural details and changes, Rietveld analysis [25] was applied. The comparison of experimental, 
calculated patterns and the differences are shown for x=0.0, x=0.50 and x=1.0 in Figure 2.  
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Figure 2. Rietveld refinement profile of LaFe0.75Ni0.25O3-δ (x=0), La0.5Sr0.5Fe0.75Ni0.25O3-δ (x=0.50) 
and SrFe0.75Ni0.25O3-δ (x=1.0). Experimental pattern (red), calculated pattern (green), difference pat-
tern (bottom) are shown. 
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Orthorhombic symmetry with space group Pbnm (62) could be confirmed for x=0. Pbnm is a pseu-
do-cubic space group and the unit cell parameters are related to the ideal cubic perovskites as 
a≈ 2 ap, b≈ 2 ap, and c≈2ap. In Glazer’s notation this tilting system is written as (a+b-b-) [26]. For 
LSFN with x=0.25, 0.50, and 0.75 Rietveld analysis yields rhombohedral symmetry with space 
group R-3c (167). Rhombohedral distortion is a consequence of equivalent antiphase octahedra tilt-
ing along three crystallographic axes, i.e., a-a-a- following Glazer's notation [26].  Finally, LSFN 
with x=1.0 has cubic symmetry with space group Pm-3m (221). The samples with mixed phase of 
La and Sr show a very small peak at around 31.3° due to minor contamination by a tetragonal phase 
that we could match with a nickelate phase (JCPDS 01-081-2084, La1.71Sr0.19NiO3.9).  
The unit cell parameters (a, b, c), volume (V), interatomic distance for Fe/Ni–O, average superex-
change angle and average tilting angle <ω> determined by Rietveld structure refinement are sum-
marized in Table 1.   
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Table 1:  Refined structure parameters for La1-xSrxFe0.75Ni0.25O3-δ. 
x Symmetry a(Å) b(Å) c(Å) V(Å3) Fe/Ni–O 
(Å) 
Superexchange 
angle (°) 
Tilting 
angle 
<ω> 
(°) 
0.00 Orthorhombic 5.5326 5.5127 7.8254 238.674 (O1) 
1.9690(4) 
(O2)(1) 
1.880(10) 
(O2)(2) 
2.135(10) 
167.1(22) 
153.0(6) 
153.0(6) 
6.45 
13.50 
13.50 
0.25 Rhombohedral 5.5165 5.5165 13.365 352.229 1.96550 162.760 8.62 
0.50 Rhombohedral 5.4568 5.4568 13.422 346.116 1.93670 171.966 8.03 
0.75 Rhombohedral 5.4549 5.4549 13.3179 343.195 1.92700 177.4(34) 1.30 
1.00 Cubic 3.85158 3.85158 3.85158 57.118 1.92558 180 0 
Atomic positions for Pbnm are 4(c) (x, y, 1/4) for La, and 4(b) (1/2, 0, 0) for Fe/Ni, and 4(c) (x, y, 1/4) for 
O1, and 8(d) (x, y, z). The refined positions are 4(c) (0.0026, 0.02385, 1/4) for La, and 4(c) (0.040, 0.4959, 
1/4) for O1 and 8(d) (-0.2916, 0.2582, 0.0542) for O2. 
Atomic positions for R-3c are 6(a) (0, 0, 1/4) for La/Sr, and 6(b) (0, 0, 0) for Fe/Ni, and 8(e) (x, 0, 1/4) for O. 
The refined positions are 8(e) (0.447, 0, 1/4) for the sample x=0.25, and 8(e) (0.475, 0, 1/4) for the sample 
x=0.50, and 8(e) (0.508, 0, 0.25) for the sample x=0.75. 
Atomic positions for Pm-3m are 6(a) (1/2, 1/2, 1/2) for Sr, 6(b) (0, 0, 0) for Fe/Ni, and 18(e) (1/2, 0, 0) for O. 
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With increasing Sr substitution, the symmetry of the system LSFN increases from orthorhombic to 
rhombohedral, and then to cubic. The changes in lattice parameters and unit cell volume depending 
on Sr doping concentration are illustrated in Figure 3(a) and Figure 3(b), respectively.  
 
Figure 3. The changes in (a) lattice parameters and (b) unit cell volume of La1-xSrxFe0.75Ni0.25O3-δ 
obtained by Rietveld refinement. 
 
Since LSFN with x=0 is in orthorhombic symmetry, two different oxygen positions (O1 and O2) 
exist with equal relative occupation of O1 (50%) and O2 (50%). There are two different distances 
between Fe/Ni–O2 which has also equal concentration (25%) and which are labeled O2(1) and O2(2). 
In the following, thus, we will consider the weighted arithmetic average distance <Fe/Ni–O> for 
comparison with the other samples:  
)2()1( /
4
1/
4
1/
2
1/ ONiFeONiFeONiFeONiFe   
The superexchange angle θ, which is formed by the M–O–M (Fe/Ni–O–Fe/Ni) bridge in ABO3 type 
perovskites, is 180° for cubic symmetry. The deviation of θ from 180° which is due to distortion in 
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[Fe/Ni]O6 octahedra, is called tilting angle, and is directly related with the superexchange angle 
[24]: )180(
2
1   . 
In order to compare the superexchange and tilting angle of the samples the weighted angles are con-
sidered for x=0.  
 
Goldschmidt tolerance factor t  
   OBBA rrrrt  2/  
allows us to estimate the degree of distortion in the perovskites. Since we have two different species 
on the A (La and Sr) and B (Fe and Ni) sites of the ABO3 perovskites, we need to form the 
weighted average values [27] based on the ionic radii of the atoms calculated by Shannon [28] for 
different coordination numbers (CN) and spin state like low spin (LS) and high spin (HS).  The ion-
ic radii of the cations are 1.36 Å for La3+(CN:XII); 1.42 Å for Sr2+(CN:XII); 0.645 for Fe3+(CN:VI in HS); 
0.585 Å for Fe3+(CN:VI); 0.56 Å for Ni3+(CN:VI in LS); 0.60 Å for Ni3+(CN:VI in HS). The ionic radii of O2-
(CN:VI) is 1.40 Å [28].    
  
As long as the ions at the A-site (A’ and A”) and B-site (B’ and B”) are randomly distributed within 
the substituted perovskite A’1-xA”xB’1-yB”yO3-δ, the tolerance factor needs to be rewritten to be 
able to calculate the weighted average of valences and ionic radius:  
    231 SrxLaxrA  and    31 NiyFeyrB   
 
In our calculation, Ni is considered as Ni3+ [21] for both low spin (LS) and high spin (HS) state be-
cause we could not identify the actual spin state unambiguously. However, we are confident about 
the average oxidation state of Fe (γ) as a result of the Ligand Field Multiplet Calculation (LFMC) 
for our Fe L2,3 edge X-ray absorption spectra. The experimental data and their simulation with 
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LFMC are compared for LaFeO3 and 25% Ni doped LaFe0.75Ni0.25O3 and shown in Figure 4. The 
Slater integrals used in the calculation for LaFeO3 were scaled down to 70%, as already exercised 
by Abbate et al. [17] and for LaFe0.75Ni0.25O3 to 50% of their atomic values in order to mimic cova-
lence effects [21]. Thus it is clear that, once Ni is substituted to LaFeO3, it decreases the d-d, p-d in-
teraction and p-d exchange interaction due to the fact that the Fe 3d orbitals become broader and the 
overlap between Fe 3d and O 2p orbitals increases. Both, the pure LaFeO3 and the Ni substituted 
LaFe0.75Ni0.25O3 have to 100% Fe3+ in the high spin 232 gg et  )( 1
6
gA ground state. However, 25% Ni 
substitution increases the crystal field from 1.80 eV to 1.85 eV. 
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Figure 4. Comparison between experimental (blue line with open symbols) and simulated (black 
line, bottom) Fe2,3 absorption spectra for LaFeO3 and LaFe0.75Ni0.25O3 . Inset shows the electronic 
configuration of high spin Fe 3d5 in the ground state and modified after Abbate et. al [17]. Fe L 
edge split into L3 (2p3/2) and L2 (2p1/2) due to spin orbit coupling and additionally split into t2g and eg 
levels due to crystal field effect.   
 
The comparison for x=0.25, 0.50, and 0.75 was published recently [21] and is rewritten for the 
reader in Table 2.  
Tolerance factors are calculated for both Ni3+ in LS and HS, and the results are listed in Table 2.  
Table 2. Average oxidation state of Fe and the Tolerance factor (t) of LSFN with Ni3+ both in low 
and high spin state. 
Sr content (x) Oxidation state of Fe (γ) t (Ni3+ in LS) t (Ni3+ in HS) 
0.00 3.00 (100% Fe3+ +0% Fe4+) 0.96436 0.95962 
0.25 3.25 (75% Fe3+ + 25% Fe4+) 0.97678 0.97196 
0.50 3.50 (50% Fe3+ +50% Fe4+) 0.98933 0.98442 
0.75 3.95  (5% Fe3+ +95% Fe4+) 1.00660 1.00150 
1.00 4.00 (0% Fe3+ + 100% Fe4+) 1.01490 1.00980 
LS: Low spin state and HS: High spin state. Both Fe3+ and Fe4+ are in HS [21]. 
 
The calculated Goldschmidt tolerance factors for LSFN show a linear trend for both Ni3+ spin state 
species (see Figure 5). The small differences in the ionic radii between Ni3+ low spin and high spin 
reflect the differences in the tolerance factor. However, once La is replaced by Sr, the tolerance fac-
tor starts to increase linear which is an evidence for an increase in the symmetry of the system. 
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Figure 5. Tolerance factor of La1-xSrxFe0.75Ni0.25O3-δ depending on relative Sr content for Ni3+ both 
in low spin and high spin.  
The sample with x=0 has a smallest tolerance factor with Ni3+ high (low) spin t=0.960 (0.964) for 
which Rietveld analysis shows it has orthorhombic symmetry. The samples with x=0.25, x=0.50, 
and x=0.75 have tolerance factor with Ni3+ high (low) spin t=0.972 (t=0.977), t=0.984 (t=0.989), 
and t=1.002 (t=1.007) having rhombohedral symmetry. For x=1.0, the tolerance factor is t=1.015 
(1.010), and the sample has cubic symmetry. For ideal cubic SrTiO3, t=1.00 and for orthorhombic 
GdFeO3, t=0.81 and it was mentioned that cubic phase occurs if 0.89<t<1.00 [29]. For our samples, 
the cubic phase occurs if t >1.0. 
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In perovskites, the A-site does not play a direct role on conductivity but has an indirect influence: 
the Coulomb potential barrier created by A-site around B-site affect the electron hole hopping pro-
cess via Fe3+–O–Fe3+/Fe4+ superexchange unit. Therefore, the A-site Coulomb potential (ZA/rA) 
where ZA and rA are the charge and ionic radius of A-site is calculated depending on Sr doping. For 
those samples which contain both La and Sr, the weighted charge and radius are used for the calcu-
lation. The results are illustrated in Figure 6, along with the Fe/Ni–O bond length.   
                                                                               
                                                                                            
 
Figure 6. A-site Coulomb potential and Fe/Ni–O distance of La1-xSrxFe0.75Ni0.25O3-δ. 
As it is clearly shown in Figure 6, the A-site Coulomb potential decreases linear with increasing Sr 
content. This is in line with our expectation because La is 3+ and doped with lower charged Sr 2+ 
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having larger ionic radius. The distance between Fe/Ni–O decreases linear up to 50% Sr doping and 
for 0.50<x ≤1.0 it approaches a constant value of around 1.925 Å. Therefore, the variation of the 
Fe/Ni–O distance deviates from the linear behavior of ZA/rA for x >0.50, possibly because the sys-
tem is not completely ionic but becomes more covalent. 
 
Electric conductivity  
The electrical conductivity of La1-xSrxFe0.75Ni0.25O3-δ was measured in the temperature range of 300 
K ≤ T ≤ 1273 K. Generally, this class of materials shows similar behavior depending on tempera-
ture; the conductivity increases with increasing temperature like a semiconductor (dρ/dT<0) and 
then starts to decrease similar to metallic behavior (dρ/dT>0). Furthermore, the transition tempera-
ture from semiconducting to metallic like behavior depends on the Sr doping. However, in this pa-
per we would like to explain conductivity changes at 300 K depending on Sr content as shown in 
Figure 7. The conductivity at 300 K increases with increasing Sr content up to 50% and then starts 
to decrease. 25% and 50% of Sr doping in LaFe0.75Ni0.25O3 increases the conductivity one and two 
orders of magnitude, respectively. However, for high Sr doping level (75%), the conductivity de-
creases by one order of magnitude as compared to 50% doping. The sample with x=1.0 was very 
brittle and could not be subjected to reliable conductivity measurements. However, test with multi-
meter tips showed a resistance in the MΩ range, suggesting that this material was an insulator. 
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Figure 7. Electrical conductivity at 300 K and superexchange angle depending on Sr content. A 
fragment of the rhombohedral/orthorhombic symmetry after [24] with a schematic representation of 
the average superexchange angle, <Ni/Fe–O–Ni/Fe>, and the average tilting angle, <ω> which 
changes in to cubic symmetry with 180° superexchange angle and 0° tilting angle at high Sr doping.  
Discussions 
The electrical conductivity is caused by the conducting electron hole hopping process from Fe3+ to 
Fe4+ via oxygen bridge (Fe3+–O2-–Fe4+) in LSF, and we concluded that charge transfer from oxygen 
to nickel (O–Ni) contributes additionally to electrical conductivity in LSFN [21]. Oxygen vacancies 
which interrupt the bridges between O and Fe/Ni are undesirable not only from the point of hopping 
but also from the point of charge transfer contributions. The oxygen vacancy concentration is in-
creased with increasing Sr content in the samples with the formula of La1-xSrxFe0.75Ni0.25O3 [21].  
In order to understand the electrical conductivity we compare the sample with x=0 (Ni doped LSF) 
with LaFeO3. The sample with x=0 is a semiconductor while LaFeO3 is a charge transfer insulator 
at 300 K. Replacing Fe by Ni causes a decrease in M–O distance resulting in an increase in O 2p 
bandwidth. Thus, the orbital overlap between M 3d and O 2p increases [30]. That might be a reason 
why the sample x=0 has charge transfer from O 2p to Ni 3d which makes it conducting, in compari-
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son to LaFeO3 despite their similar crystallographic symmetry (orthorhombic) and electronic con-
figuration 3d5 with total spin S=5/2.  
When we want to show the A-site Sr doping effect on the conductivity, it is necessary to discuss 
numerous parameters such as electronic interaction, charge transfer, symmetry including superex-
change and/or tilting angle, A-site potential and M–O distance. Now that we have detailed quantita-
tive information on the crystallographic structure and electronic structure of the LSFN samples, the 
electronic conductivity can be discussed and rationalized. 
The sample with x=0 having antiferromagnetic Fe3+–O2-–Fe3+  [31] and spin related superexchange 
interaction shows the least charge transfer. The charge transfer mainly depends on the overlap be-
tween O 2p and Ni 3d orbitals and is maximum when the <Ni–O–Ni> superexchange angle is 180° 
(cubic symmetry) or, in other words <ω>=0. Since this sample is in orthorhombic symmetry it has 
the largest deviation from the ideal cubic symmetry <Ni–O–Ni> superexchange angle (tilting angle) 
is around160° (<ω>≈9.98°) with highest M–O distance due to strong A-site Coulomb potential and 
least charge transfer consequently. 
The sample with x=0.25 has ferromagnetic  Fe3+–O2-–Fe4+ [31] hopping process with double ex-
change interaction where the conducting electrons jump from Fe3+ toward Fe4+ via the O bridge. As 
mentioned above, the A-site potential decreases when La3+ is replaced by Sr2+, resulting in a de-
crease in O–Fe/Ni distance, an increase in the O 2p bandwidth, and consequently an increase in 
mobility of the double exchange electrons and an increase in concentration of charge transferred 
electrons to Ni. Since the symmetry changes from orthorhombic to rhombohedral, the distortion is 
reduced (<ω>=8.62°) resulting in an increase in <Fe/Ni–O–Fe/Ni> superexchange angle of around 
163°. This provides an additional increase in charge carrier mobility. 
Similar rational applies to the sample with x=0.50: the A-site Coulomb potential decreases, the 
Fe/Ni–O distance gets shorter, keeps the symmetry rhombohedral with a lower distortion 
(<ω>=8.03°) and a larger <Fe/Ni–O–Fe/Ni> superexchange angle of around 172°, resulting in a in-
crease in charge transfer. An important detail of the sample with x=0.50 is that the donor (Fe3+) and 
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acceptor (Fe4+) concentration are equal, which gives additional increase in charge carrier mobility. 
Consequently, this sample shows the highest electrical conductivity. 
In the case of high Sr doping (x=0.75), the electrical conductivity starts decreasing although the 
crystallographic symmetry comes closer to cubic with <Fe/Ni–O–Fe/Ni> superexchange angle 
around 177° and with weaker A-site potential consequently shorter Fe/Ni–O distance. That is why 
the sample has highest charge transfer. From this point the sample is expected to show the highest 
electrical conductivity. On the other hand, this sample allows for the Fe3+–O2-–Fe4+ hopping process 
with double exchange interaction with 5% of donor and 95% acceptor resulting in a decrease in 
mobility of charge carriers. In addition to that, this sample has the highest oxygen vacancy concen-
tration which breaks down the oxygen bridges between Fe/Ni–O2-–Fe/Ni superexchange unit, and 
results in a decrease in double exchange mechanism. There are two mechanisms contributing elec-
trical conductivity, charge transfer increases while the double exchange decreases in this sample. 
Since the electrical conductivity decreases in our experiment we can conclude that the decrease in 
double exchange is higher than the increase in charge transfer and thus over compensates this effect. 
This also brings another conclusion concerning to oxygen vacancies. The vacancies are most proba-
bly created around the Fe, and not around the Ni cation. If the oxygen vacancies were created 
around Ni, the charge transfer form O 2p to Ni 3d orbitals would decrease upon increasing Sr con-
tent. 
In La1-xSrxFe0.75Ni0.25O3-δ, the Fe concentration is three times higher than Ni. Therefore, for all 
samples it is expected that the Fe3+–O2-–Fe4+ hopping process is dominant comparing to charge 
transfer. At this point it is worth to mention that we did not consider the hopping process across the 
Ni3+–O2-–Ni3+ superexchange unit: provided that the atoms are randomly distributed in La1-
xSrxFe0.75Ni0.25O3-δ to lower the total energy of the system, the probability of having Ni atoms next 
to each other is negligibly small.  
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Conclusions 
The crystallographic phase transformation from orthorhombic to rhombohedral and then to cubic is 
observed with increasing Sr content in La1-xSrxFe0.75Ni0.25O3 at room temperature. An increase in 
calculated Goldschmidt tolerance factor shows that the symmetry of the system increases. The A-
site potential is reduced by Sr substitution resulting in a decrease in distance between Fe/Ni–O dis-
tance leading an increase in overlap between O 2p and Fe/Ni 3d orbitals.    
The electrical conductivity mechanisms of La1-xSrxFe0.75Ni0.25O3 depending on relative Sr content 
are discussed in terms of hopping process with super/double exchange interaction and charge trans-
fer mechanism. The effect of crystallographic changes on the conductivity is discussed in detail. In 
the low doping region (0≤x≤0.50), both exchange interaction and charge transferred electron hole 
concentration increases with increasing Sr content, although in the high doping region (x=0.75), the 
exchange mechanism decreases while the charge transfer increases. In order to test such specula-
tions, density functional theory calculations may prove helpful. Such calculations are in progress, 
with particular focus on the projected density states and its modification upon doping.   
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